ABSTRACT Mennickent et al. (2002) and Sabogal et al. (2005) identified a large number of Classical Be (CBe) candidates (∼ 3500) in the L&SMC based on their photometric variability using the OGLEII database. They classified these stars into four different groups based on the appearance of their variability. In order to refine and understand the nature of these large number of stars, we studied the infrared properties of the sample as well as the spectroscopic properties of a subsample. We cross-correlated the optical sample with the IRSF catalog to obtain the J, H, K s magnitudes of all the four types of stars (∼ 2500) in the L&SMC. Spectra of 120 stars belonging to the types 1, 2 and 3 were analysed to study their spectral properties. Among the four types, the type 4 stars is the dominant group, with ∼ 60 and ∼ 65% of the total sample in the LMC and the SMC respectively. The NIR colour-colour diagrams suggest that the type 4 stars in the LMC have a subclass, which is not found in our Galaxy or in the SMC. This subclass is ∼ 18% of the type 4 sample. The main type 4 sample which is ∼ 49% of the total sample has NIR properties similar to the The type 2 stars are found in larger fraction in the SMC (∼ 14.5%), when compared to the LMC (∼ 6%). The spectroscopic and the NIR properties suggest that these could be CBe stars. The type 1 stars are relatively more in the LMC (∼ 24% ) when compared to the SMC (∼ 13%). The SMC type 1 stars have relatively large Hα EW and this class has properties similar to CBe stars. The spectroscopic sample of type 1 stars which show H α in emission and confirmed as CBe stars are more abundant in the SMC by a factor of 2.6. If the effect of metallicity is to cause more CBe stars in the SMC, when compared to the LMC, then type 1, type 2 and type 4 stars follow this rule, with an enhancement of 2.6, 2.4 and 1.3 respectively.
INTRODUCTION
Be stars are B-type stars with luminosity class III to V that show or have shown emission in Balmer lines like H α , which originate in a circumstellar disc. They occupy a region on or near the main sequence in the HR diagram, implying that they are still burning hydrogen in their core. These stars are rapid rotators and show both photometric and spectroscopic variability. Detailed studies of Be stars in environments with different metallicities, such as the Magellanic Clouds, have been performed in the recent past (Keller et al. 1999; de Wit et al. 2003; Mennickent et al. 2002; Sabogal et al. 2005; Martayan et al. 2010 ).
Mennickent et al. (2002) presented a catalogue of 1056 Be star candidates in the Small
Magellanic Cloud (SMC) by studying light curve variations using OGLE II data base (Udalski et al. , 2000 . They classified these Be star candidates of the SMC in four categories: type 1 stars showing outbursts (139 stars); type 2 stars showing sudden luminosity jumps (154 stars); type 3 stars showing periodic or near periodic variations (78 stars); type 4 stars showing light curves similar to Galactic Be stars (658 stars). They also classified type 1 stars with luminosity jumps in their light curves as type1/type2 stars (18 stars).
They suggested that type 4 could be Be stars. They also proposed that some of the type 1 and type 2 stars might be Be stars with accreting white dwarfs in a Be + WD binary, 4 Paul et al.
http://pasj.asj.or.jp/v59/n3/590315) which has JHK s photometric data for about 15 million point sources spread over a 40 deg 2 area of the LMC and 2.7 million sources spread over a 11 deg 2 area of the SMC. The 10σ limiting magnitudes of the above catalog are 18.8, 17.8 and 16.6 mag at J, H and K s respectively. This catalog has better spatial resolution than the 2MASS catalog. The optically identified stars were cross-matched with NIR IRSF catalog to confirm its candidature in IRSF. Matches between both catalogs were found by comparing the RA and DEC co-ordinates in both the catalogs. We considered the closest candidates as NIR counterpart, with an upper limit of 0.001 degree (3.6 arcsec) for separation. We could cross-identify the NIR counterpart of 1640 stars among the 2348 candidate
Be stars in the LMC (excluding the type 1/2 candidates) and 839 stars from the sample of 1029 stars in the SMC. Hence the cross identification is 70% successful in the LMC and 80%
in the SMC. Due to crowding we could not cross-identify rest of the stars. These stars were used to study the NIR properties of the various types.
Optical spectra were obtained for 120 candidate stars in the LMC and the SMC. Spectro- Spectrograph and the Loral 1-K detector. This spectrograph details are available in the web page: http://www.ctio.noao.edu/spectrographs/60spec/60spec.html. We obtained 57 blue spectra with the grating n o . 26 tilted at 16.2 degree and a slit width of 1.5 arcseconds, yielding a wavelength range of 3700−5500Å. 52 red spectra were obtained with grating n o . 36 tilted 28.7 deg, resulting in a wavelength range of 5700−7000Å. In both cases the resolution was about 3.7Å. The spectra were reduced with standard IRAF routines, like apall and doslit, including bad pixel rejection, spectroscopic flat fielding, 1d extraction and wavelength calibration. The typical error in the wavelength calibration is 5 km/s in Hα.
In addition, 48 spectra were obtained in LCO with the Modular Spectrograph and the SiTe2 detector. Technical details for this spectrograph can be found in the web page of the LCO observatory 1 . The combination of grating n o . 600 blazed at 5000Å, with a slit width of 1.5 arcseconds yielded a spectral range of 3870−6100Å, and a resolution of 2.5
A. The log of observations are given in tables 1 and 2 (see appendix). The spectra were reduced and wavelength calibrated using the standard IRAF tasks. The typical error in the wavelength calibration is 12 km/s in Hβ. These spectra were used to identify the spectral lines, determine spectral types and measure equivalent width.
ANALYSIS OF NIR COLOURS
We cross-correlated 1640 stars (70%) identified by Sabogal et al. (2005) with the figures given in Sabogal et al. (2005) and Mennickent et al. (2002) ). We notice the red sequence of type 4 stars located parallel to the main sequence in the range of (B − V ) = 0.4 to 0.7 mag, in Figure 1 (LMC), which is absent in Figure 2 (SMC). This feature was noticed by Sabogal et al. (2005) . This shows that the cross-correlated sample contains these peculiar stars also. In order to quantify and thus verify whether we have evenly sampled all the types in both the galaxies, we estimated the fractions of various types.
The fraction of the four types of stars in the original sample and in the cross-correlated sample are given in Table 3 . The first column indicates the types, followed by the number of stars identified in the optical and then the cross-correlated sample for both the galaxies.
The last two columns give the ratio of stars in the two galaxies (ratio = LMC/SMC).
6 Paul et al. The fractions of optically identified type 1 to type 4 stars are similar to the fraction in the cross-correlated sample. This suggests that the cross-identification has sampled all the types similarly and this subset can be used to study the properties of various types in the NIR.
Later in the discussion we will use this Table to compare the relative population of the four types in the L&SMC. We compared the magnitude distribution of stars identified in the NIR with the original optical sample, in order to estimate how much stars are missed due to the limiting magnitude of the NIR photometry. Since the SMC is more distant compared to the LMC, there is a possibility that relatively more fainter stars are missed out in the SMC. We compared the distribution in both the galaxies and we find that the number of stars missed in the fainter limit is similar in both the galaxies. Hence the NIR+optical sample discussed here is not biased to brighter stars in the SMC.
We estimated the de-reddened (J −H) 0 and (H −K) 0 values of the cross matched sources (1640 stars in the LMC and 839 stars in the SMC) using the IRSF data. We assumed an average reddening of E(B − V ) = 0.1 mag, which is basically the median of reddening estimated by Indu & Subramaniam (2011) various types, the above assumption is justified. Reddening corrections were made using the following formula (Bessell & Brett 1988) by taking E(B − V ) = 0.1 mag.
Colour-Colour diagrams (CCDm), were plotted with (H − K) 0 Vs (J − H) 0 for all the types (type 1, 2, 3 and 4) of stars. Figures 3 and 4 show CCDm for the LMC and the SMC respectively for all types. In order to identify the location of the stars we over plotted the main-sequence, the reddening vectors and the region of T-Tauri stars. The location of T-Tauri stars is shown as the dashed straight line (Meyer et al. 1997) . The location of Be stars is taken from Dougherty et al. (1994) Study of candidate Be stars in the Magellanic Clouds using NIR photometry and optical spectroscopy 9 on the MS, giving rise to a clumpy appearance. The stars in this clump are mostly type 4 stars. Apart from these two prominent features, some stars are found to be scattered in the diagram. The SMC figure (Figure 4 ) also shows the horizontal band like distribution, but the clumpy population is not found in the SMC. Some amount of scatter is also noticed similar to the LMC. Thus, the NIR analysis suggests a different sub population among the type 4 stars in the LMC, which is not found in the SMC. We shall explore these stars further in the next section. We identify some sources with large NIR excess in the LMC, belonging to type 3 and type 4. The SMC has fewer sources with NIR excess. The distribution of the four types stars along the NIR colours, (J − H) 0 and (H − K) 0 , are shown for the L&SMC in figure 5 . We compare the four types between the two galaxies using these histograms. The histograms not only show the distribution, but also compares the relative number of stars in various types in the two galaxies. We discuss the properties of various types and compare them between the LMC and the SMC in the following sections. (2011), where the spectra showed H α lines in emission. The detailed paper (Sabogal et al. 2012 ) based on the UVES spectra of type 4 LMC/SMC Be stars is in preparation. These two studies suggest that the type 4 stars likely to be CBe stars.
SPECTROSCOPIC ANALYSIS
The equivalent width of the spectral lines were estimated using routines in IRAF. For spectroscopic classification, we compared the spectra of the Be candidate stars with those of the standard stars from Jacoby et al. (1984) Mennickent et al. (2006) have classified these stars using spectra of better resolution and we have shown both the classification. It can be seen that in most of the cases, the spectral types are very similar and this validates our method of classification. We have estimated radial velocity for most of the stars with spectra. The estimated radial velocities were corrected for heliocentric velocities. These estimated velocities are also tabulated in Tables 4 -9 (except   Table 7 ), along with the error in the velocity and the number of lines used for estimation.
Wherever any previous measurement is available, they are also compared and discussed.
These radial velocity measurements can be used to trace whether they are variables, which could point to their binary nature.
For stars with spectra, (J − H) and (H − K) colours were de-reddened using the E(B − V ) values estimated based on their locations in the LMC and the SMC. The reddening towards these stars were taken from a reddening map estimated using the main-sequence stars (Indu & Subramaniam 2011, map-B, figure 3 ). These authors estimated an average reddening map for stars located near the turn-off stars in that region. This reddening map is ideal for early type stars located on the MS. Since it is known that the reddening in the LMC depends on the tracer used, reddening map appropriate for the population studied is used.
RESULTS
Our results of the NIR analysis and the spectral analysis are presented for the four types of stars. We do not have spectra for type 4 stars, and hence the results and conclusions for this class are based only of the NIR and optical photometric properties.
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Type 4 stars
The type 4 stars are found to be the largest among the sample in both the Clouds. Their fractions are 60% & 65% in the LMC and the SMC respectively, suggesting that the fractions are similar in these two galaxies. Thus more than half of the total sample fall in this group, making it the single most important type among the four types studied. Mennickent et al. (2002) suggested that the type 4 stars are likely to be Classical Be stars, since they show rather irregular photometric variation similar to the Galactic counterparts. Therefore, in order to confirm the above, we compared the NIR properties of the Galactic Be stars along with the LMC and the SMC type 4 stars. We used data of the Galactic Be star candidates from Mathew et al. (2008) . The NIR photometric magnitudes for all these candidate stars are taken from 2MASS data base. The (J − H) and (H − K) colours obtained were transformed to Koornneef (1983) system using the transformation equations by Carpenter (2001) . The It is not clear whether these stars are similar to those we have identified in the LMC.
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It will be interesting to find the location of stars in the new sub-group in the optical CMD. Figure 7 shows the V 0 vs (B − V ) 0 CMD of type 4 stars which appear as a clump in the NIR CCDm. These stars occupy the reddened parallel sequence in the optical CMD.
Among the 1468 type 4 stars, about 265 stars (∼ 18%) show this property. In the crosscorrelated sample, we find that among the 989 stars, 216 stars (21.8%) appears as a separate group. Thus the cross-correlated sample also has similar fraction of the new subgroup. In the LMC, nearly 22% of the type 4 stars appear as a separate group and hence only 47% of the cross-correlated sample are type 4 stars having properties similar to Galactic Be stars.
On the other hand, the SMC has about 65% of the cross-correlated type 4 stars which are similar to Galactic Be stars. The fraction of type 4 stars, similar to the Galactic Be stars is relatively more abundant in the SMC. The enhancement is found to be 1.3 times in the SMC, with respect to the LMC, as estimated from the optically identified sample. Since the Be phenomenon is enhanced in low metallicity environment of the SMC, when compared to the LMC or our Galaxy as found by Martayan et al. (2006 Martayan et al. ( , 2007 , the larger fraction of type 4 stars found in the SMC falls in line with the above argument.
It will be interesting to decipher the nature of the new subgroup. One possibility is that this new group of stars could be highly reddened OB stars. We checked whether the reddening in the optical CMD required to create the parallel sequence is consistent with the reddening required in the NIR to create the clump like distribution. We estimated that the parallel sequence has a reddening of E(B − V ) ∼ 0.75 mag more than the MS counterparts.
This corresponds to E(J − H) ∼ 0.266 and E(H − K) ∼ 0.137 mag. A plot showing the unreddened parallel sequence in the optical and NIR is shown in Figure 8 , assuming the above reddening values. It can be seen that the estimated reddening in the optical bands more or less fits the NIR reddening also, since the unreddened sequence falls almost along the horizontal sequence of likely Be stars. In the optical CMD, after correcting for the extinction, the parallel sequence is found to occupy the brighter part of the MS. This as well as the unreddened location in the NIR diagram suggests that these stars could be more massive than the normal type 4 stars. We estimated the average reddening of the location in which these stars are located by comparing their locations in the extinction map estimated by Harris & Zaritsky (2004) which provide reddening to individual stars. to be 0.75, Av should be more than 2.0, and the locations do not have such large extinction.
Thus these stars are not likely to be associated with regions of high reddening. On the other hand, these stars could be individually highly reddened due to large mass loss, in which case it is highly unlikely that all the stars should have the same high reddening, instead of a range in reddening. In either case, these stars are highly interesting and might turn out to be a new class of objects. Thus, it is necessary to obtain spectra of normal and the new group of type 4 stars to understand their nature.
Type 3 stars
This class of stars is one of the poorly populated class among the four classes identified. They diagram, the type 3 stars are not located as a homogeneous group. Some stars can be found in the Be location and some stars are found along the MS. They are more scattered in the LMC, when compared to the SMC. Some stars in the LMC also show large NIR excess.
The histograms in figure 5 show that the type 3 stars occupy a larger range of (J − H) 0 in the LMC. This is due to the presence of a few stars located close to the the MS in the NIR CCDm. The distribution in the (H − K) 0 suggests that the LMC stars have a larger range of (H − K) 0 values when compared to the SMC sample. The contribution comes from the blue stars located in the Be location as well as the stars with large NIR excess. The fact that they are not found in a coherent location, may support the conclusion drawn by Mennickent et al. (2002 Mennickent et al. ( , 2006 ) that these stars should not be linked to Be phenomenon at all. Sabogal et al. (2005) found that type 3 stars have bimodal period distribution and that Double Periodic Variables (DPVs) are a small subgroup of type 3 stars. Mennickent et al.
(2006) studied some long period variables in the SMC and some of these are type 3 stars.
They suggested that the type 3 stars are a mix of different kinds of stars. Their sample did not have any Herbig Ae/Be type stars, but has a number of binaries. Mennickent & Smith (2010) studied one of the type 3 stars from the above sample using high resolution spectra and suggested that this star (smc3-1) could be a prototype of a small group of Magellanic Cloud wind-interacting A + B binaries. Mennickent & Smith (2010) studied the photometric variability of smc3-1 and found a primary period of 238.1 days along with a complicated waveform suggesting ellipsoidal variability influenced by an eccentric orbit. This star also shows a secondary variability with an unstable periodicity that has a mean value of 15.3 days. Mennickent & Smith (2010) suggested that this could be associated with non radial pulsations.
We have spectra of type 3 candidates in both the LMC and the SMC. Spectra of 20 type 3 stars in the SMC were obtained, the details of these stars are tabulated in Table 4 . We have also tabulated the spectral type estimation of Mennickent et al. (2006) , Mennickent & Smith (2010) (for smc3-1) as their spectra are of better resolution. We have tabulated the OGLEII number, optical magnitudes and NIR colours, reddening and radial velocity estimates by us and also by Mennickent et al. (2006) in Table 4 .
We analyzed 15 spectra (blue) of type 3 stars in the SMC. The spectral line details of these stars are tabulated in Mennickent et al. (2006) , suggesting that we do not detect any significant radial velocity variation. The star smc3-12 shows low radial velocity in both the measurements and hence is likely to be a member of the Galactic halo.
We analysed 12 spectra in the blue region and 9 spectra in the red region for LMC type 3 stars. Balmer lines Hγ, Hδ and Hξ are present as absorption lines. In 7 cases Hβ is seen in absorption. In one case Hβ is seen in emission. Lines of Hydrogen (H13, H12, H10, H9 and H8) are also present in absorption. Hei lines (4026, 4471Å) are present and one star shows Hei 4026Å in emission. The spectral types, along with other details are tabulated in Table   5 .
The spectral line details of these stars are tabulated in Table 11 . Hα line is present in emission with varying EW in 5 stars. Three stars show Hα in absorption, it may also be partially filled. One star has relatively high EW of ∼ −30Å, whereas the rest have EW less than −10Å. We find that the type 3 stars in the LMC have relatively less Hα EW , when compared to those in the SMC, keeping in mind that we only have a limited number of stars. Spectra of five type 3 stars in the SMC and one type 3 star in the LMC obtained from LCO100 are also analysed. The spectral line details of these stars are tabulated in Table 12 .
In the SMC, Hβ is found to be in absorption for 4 stars and in emission for one star. Hγ line is also seen in most cases as absorption. Hei lines 4471Å and 4922Å are seen in absorption in 4 spectra.
Using the photometric and the spectroscopic analysis of type 3 stars, we propose the following. These stars do not seem to have specific location in the NIR diagrams, supporting that these stars are unlikely to belong to one stellar population, or CBe stars. The fact that most of the stars show emission lines in the spectra (either Hβ or Hα) suggest that they have circumstellar material. Most of the stars with the spectra are found to belong to A and F types, suggesting that the majority among type 3 are unlikely to be CBe stars. The fact that they correlate with the (H − K) 0 magnitude for some of the SMC candidates suggest the presence of dust in the disc. Some of the stars in the SMC are long periodic variables and one is found to be an interacting binary. 3 stars in the LMC are found to belong to DPVs studied by Mennickent et al. (2005) . Thus, type 3 stars are likely to be a heterogeneous mix of stars belonging to various types of stars. Table 4 . Type 3 stars in the SMC present in our sample along with optical and infrared magnitude and colours. Spectral type determined in this study is given in column 7 and spectral type determined by Mennickent & Smith (2010) for the star smc3-1 and Mennickent et al. (2006) for the rest of the stars is given in column 8. Our determination of radial velocity along with the radial velocity determined by Mennickent et al. (2006) are also given. N is the number of lines averaged for radial velocity determination. Table 5 . Type 3 stars in the LMC present in our sample along with our determinations for spectral type, magnitude, colour and radial velocity. N is the number of lines averaged for radial velocity determination. 
Type 2 stars
The NIR CCDm for the type 2 stars in the LMC and the SMC are shown in Figure 11 . Relatively more type 2 stars exists in the SMC (14.5%) when compared to the LMC (6%). The cross identified sample also shows the overpopulation in the SMC (15.6%) when compared to the LMC (5.6%). It is clear that the SMC has a larger fraction of this type when compared to the LMC. Thus, the identification of the nature of these stars might throw some insight into the reason for the above difference. This type is also one of the poorly populated sample among the 4 types of Be candidates. Majority of these stars show NIR excess similar to the Galactic Be stars. There is no significant difference in the NIR properties between the LMC and the SMC type 2 stars. There are a few stars which are located along the MS. This scatter is relatively more in the LMC, than in the SMC. The histograms presented in figure 5 show that the type 2 stars in the SMC are slightly redder in (J − H) 0 than those in the LMC, whereas the colour distribution in (H − K) 0 is very similar in both the galaxies. None of the type 2 stars show significant NIR excess, which is typical for pre-MS stars. Mennickent et al. (2002) suggested that type 2 stars could be Be+WD binary stars or accreting pre-MS stars, based on the light curve analysis of these stars. The NIR properties suggest that the most of the LMC type 2 stars and probably all the SMC type 2 stars are similar to the Galactic Be stars. They do not show the NIR properties typical of the pre-MS stars.
We obtained spectra of 20 type 2 stars in the SMC (12 in blue region and 8 in the red region) and the spectral classification suggests that most of them are early type stars. Stars observed are tabulated in Table 6 along with their identification number, optical magnitudes, Thus, most of the stars have circumstellar material and these are early type stars. Spectra of 9 stars in the LMC and 4 stars in the SMC obtained from LCO100 are also analysed. The spectral types, along with other details are tabulated in Table 6 and 7. The spectral line details of these stars are tabulated in Table 12 . In the LMC, 5 stars show Hβ in emission.
Hei 4922Å is found in absorption in 7 stars. In the SMC Hβ is found in absorption in 2 stars and emission in 2 stars.
The reddening values for these stars show that about half of them have very low reddening of E(B −V ) = 0.04 and the half have values ranging up to 0.45 mag. They are unlikely to be pre-MS stars due to lack of large NIR excess. Among the 12 stars classified, 10 stars belong to early B-type. The difference in the variability might give clues to their nature, as these stars show sudden luminosity jumps. These type of stars are found to be more in the SMC than in the LMC. Their location in the NIR CCDm suggests that these stars in the SMC appear like a homogeneous group, whereas the LMC stars do not appear as a homogeneous group. The location of these stars in the optical CMDs are similar for the LMC and the SMC. If these are early type stars, then it might appear that the SMC sample might have a larger fraction of the more massive Be stars when compared to the LMC as reported by Martayan et al. (2010) and Bonanos et al. (2010) for early Be and Oe stars. This could happen due to the lower metallicity of the SMC. These stars could be very young Be stars, or could be Be stars in binaries as suggested by Mennickent et al. (2002) . Therefore, it will be interesting to study these type 2 stars in detail in the LMC also, in order to compare them with the SMC. Figure 11 . NIR colour-colour diagram of the type 2 Be candidates in the LMC and the SMC. Shaded points represent the stars with spectra from 1.5m CTIO and points shown with × represent stars with spectra taken from 2.5m LCO.
Type 1 stars
The NIR CCDm for the type 1 stars in the LMC and the SMC are shown in Figure 12 .
Type 1 stars are relatively more numerous in the LMC (24%), when compared to the SMC (13%). The cross-correlated sample has 24% in the LMC and 10% in the SMC. We have cross identified a smaller sample of this type in the SMC. Type 1 stars are the second largest population among the four types and forms one fourth of the identified sample in the LMC.
These stars are populated more in the LMC, when compared to the SMC, and the ratio is almost twice. Thus, it will be interesting to find the reason for their overabundance in the In the SMC type 1 stars, we have analyzed 17 spectra in the blue region and 13 spectra in the red region. The spectral line details of these stars are tabulated in Table 10 . Balmer lines Hβ, Hγ, Hδ and lines of Hydrogen (H13, H12, H10, H9, H8) are present in absorption.
Study of candidate Be stars in the Magellanic Clouds using NIR photometry and optical spectroscopy 23 Table 6 . Type 2 stars in the SMC present in our sample along with our determinations for spectral type, magnitude, color and radial velocity. N is the number of lines averaged for radial velocity determination. Table 7 . Type 2 stars in the LMC present in our sample along with our determinations of magnitude and colours. Table 8 . These stars are found to belong to early B type stars, which is consistent with their location in the brighter part of the optical CMD (Figure 2 ). lmc1-55 is the only type 1 star in the LMC for which we could estimate the spectral type, and is found to belong to B0-B2.
Spectra of 17 stars in the LMC and 12 stars in the SMC obtained from LCO100 are also analysed (Tables 8 and 9 ). In the LMC, Balmer lines Hγ and Hβ are found in absorption 24 Paul et al. for 14 stars in our sample while in 3 stars they are seen as emission lines. As tabulated in Table 12 quite number of Hei lines (4387, 4471, 4713, 4922Å) are present in absorption in many cases. 8 stars are found to have 5169Å Feii line in absorption. In the SMC out of 12 spectra, 6 show Hβ in absorption and 5 in emission. Hei lines are also present in majority of the cases in absorption. Feii 5169Å is found in emission in four stars. Our analysis shows that these stars are B-type stars though we are unable to identify the exact spectral sub class. Many of these stars are found to lie in the CBe-location in the CCDm and a few are found on the MS above CBe location. Since Hβ is found in emission for 5 stars, it can be assumed that Hα also will be in emission. Hence we conclude that half the stars show Hα in emission.
Most of the type 1 stars in the SMC are found to show emission features, whereas the LMC stars do not show clear emission features. We could not estimate the spectral type of these stars in the LMC because of poor signal to noise ratio. Their location in the optical CMD (Figure 1) suggests that the majority could belong to later spectral types. Hence it is probable that type 1 stars in the LMC and the SMC may belong to different spectral types, but with properties similar to CBe stars.
Study of candidate Be stars in the Magellanic Clouds using NIR photometry and optical spectroscopy 25 Table 8 . Type 1 stars in the SMC present in our sample along with our determinations for spectral type, magnitude, color and radial velocity. N is the number of lines averaged for radial velocity determination. 
DISCUSSION -COMPARISON BETWEEN THE CLOUDS
We studied the NIR properties of Be star candidates in the LMC and the SMC by combining the optical and the NIR magnitudes of a sample of 1640 stars in the LMC and 839 stars in the SMC. We also used spectra of 109 of the type 1, type 2 and type 3 stars to understand their nature. In the discussion below, we derive the fraction of various types of stars, which are candidate CBe stars, in the two galaxies studied. The CBe mechanism is expected to be more efficient in the SMC due to its lower metallicity, when compared to the LMC. On the other hand, at low metallicity the kappa-mechanism should be less efficient than at higher metallicity (Salmon et al. 2009; Miglio et al. 2007 ). Also, the CBe stars show variability in H α emission. These factors can affect the ratios discussed below.
Within the area surveyed, the LMC and the SMC have varying fractions of various types of stars. The relative fraction of the 4 types were found to be different. In both the galaxies, type 4 is the dominant type, with more than half of the stars belonging to this group. In the Study of candidate Be stars in the Magellanic Clouds using NIR photometry and optical spectroscopy 27 Table 9 . Type 1 stars in the LMC present in our sample along with our determinations for magnitude, color and radial velocity. N is the number of lines averaged for radial velocity determination. have similar fraction (2.14) as the average. Thus, the type 4 stars are similarly populated in the LMC and the SMC. The fraction of the type 3 stars are slightly less than the average, but can be considered to be similarly populated in the LMC and the SMC. The type 2 stars are found to have a low value of the fraction (0.97), which suggests that these stars are more populated (more than twice) in the SMC, when compared to the LMC. On the other hand, the value of the fraction for type 1 stars is very high (4.17), when compared to the average. This suggest that the type 1 stars are more populated in the LMC, when compared to the SMC. To summarise, we find that the types 3 and 4 are equally abundant in both the Clouds. Type 1 stars are almost twice abundant in the LMC, whereas type 2 stars are twice abundant in the SMC. Mennickent et al. (2006) ) considered in the present study along with their equivalent widths inÅ. "# "indicates that there is no spectra available for these stars in the red region. "##" indicates that there is no spectra available for these stars in blue region. "ea" indicates emission in absorption line in Hα. Numbers mentioned in the brackets indicate the number of spectra in the red region for that particular star. Table 11 . List of spectral lines observed in the sample of Be candidate stars in the LMC (type 1, 2 and 3 as defined by Mennickent et al. (2006) ) considered in the present study along with their equivalent widths inÅ. "# "indicates that there is no spectra available for these stars in the red region. "##" indicates that there is no spectra available for these stars in blue region. "ae" indicates absorption in emission line in Hα. SMC type 4 stars. We have found that the type 4 stars are similarly populated in both the galaxies. Hence if it exists, the new group should have been identified in the SMC as well.
Thus it is likely that this group exists only in the LMC. It is important to study this group of stars in detail using spectroscopy to understand their nature. If we remove this subgroup from the type 4 sample, then the type 4 stars are overabundant in the SMC, by about 1.3.
The spectroscopic analysis suggests that most of the stars studied here show emission features and suggest that they have circumstellar material. Majority of the type 1 and type 2 stars are found to belong to early B type where as type 3 stars were found to belong to A-F type. The spectroscopic analysis supports the photometric result that most of the stars studied here belong to early type stars, with emission supporting circumstellar material.
The type 3 stars are found to belong to a mix of various types of stars and are unlikely to be CBe stars. Our analysis finds that the type 2 stars are likely to be CBe stars. They are unlikely to be pre-MS stars. The interesting fact is that, their number is found to be twice in the SMC when compared to the LMC. Type 1 stars are also found to be similar to the CBe stars. It is known that due to the lower metallicity of the SMC, the fraction of phenomenon is about ∼ 3-5 times enhanced in the SMC, when compared to the Galaxy. Maeder et al. (1999) found that the Be/B fraction in the SMC is about 2.4 times that in our Galaxy. Thus, the true CBe stars should be more populated in the SMC than in the LMC. The enhancement from the LMC to the SMC is expected to be less than the above range. The type 2 stars follow this trend, with a enhancement of 2.4 and it is quite likely we estimate a ratio of (6/22=26%) in the LMC and (22/31=71%) in the SMC. Therefore, the CBe stars among the type 1 are more in the SMC by 2.6 times. This enhancement is in agreement with Bonanos et al. (2010) and Martayan et al. (2010) . The above ratio could be affected by the variability in Hα emission of CBe stars, as seen in LMC1-12. Therefore, the ratio derived above could be a lower estimate for the LMC, as well as for the SMC. The fact that only a fraction of the type 1 stars show emission lines in the spectra suggest that the type 1 could be a heterogeneous group, consisting of CBe stars and other variables, which do not show Hα emission. In the case of type 4 stars are similar to CBe stars (without the new subclass in the LMC), we find an enhancement of 1.4 times in the SMC.
In order to check whether any of the stars studied here are part of star clusters, we performed a cross-correlation between all the 4 types and the star clusters in both the galaxies. We used the catalog of Pietrzynski et al. (1998 Pietrzynski et al. ( , 1999 for the SMC and LMC clusters respectively. We searched for stars located within the radius of the cluster. We found that about 13% of the stars, mostly type 4, are probably located in the SMC clusters, and 1% could belong to the candidate clusters. In the case of the LMC, 22% of the stars are probably located in the LMC clusters. Thus the majority of the candidate Be stars in both the galaxies are probably located in the field.
This study points to the fact that the photometric variability is a very effective and efficient tool to identify large number of candidate Be stars as well as a variety of binaries in the L&SMC. Mennickent et al. (2002) and Sabogal et al. (2005) identified these stars using the OGLEII variability data and followed up with IR photometry and spectral analysis. The next generation OGLE III scans cover much larger area of the LMC and the SMC and the photometric variability data are also available. We suggest that similar studies based on database such as OGLE III will be very useful for comparative studies of CBe candidates as well as binaries in these two galaxies.
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CONCLUSIONS
The conclusions are summarised below:
• We combined the optically identified sample of candidate Be stars with the IRSF catalog to obtain the B, V, J, H and K s magnitudes of all the four types of stars in the LMC (with ∼ 70% cross identification) and the SMC (∼ 80%). Majority of the sample shows NIR properties similar to the Galactic Be stars.
• Spectra of 120 stars belonging to the types 1, 2 and 3 were analysed to study their spectral properties. Majority of the stars showed emission lines in the spectra suggesting the presence of circumstellar material and were found to belong to early spectral type.
• The above two results indicate that the photometric variability is a very effective and efficient tool to identify a large number of candidate Be stars and binaries in the L&SMC.
• We find that type 1, type 2 and type 3 stars have more or less similar spectral and NIR properties in the LMC and in the SMC. On the other hand, type 4 stars are found to have a subgroup in the LMC, with different optical and NIR properties. This subgroup is not found in the SMC or in our Galaxy. These stars do not have NIR ecxess, show large reddening, but are not located in regions with high reddening. The reddening corrected magnitudes make them the most brightest and massive stars in the sample. Detailed spectroscopic studies are needed to understand these enigmatic candidates. This new subclass is ∼ 18% of the type 4 sample. The main type 4 sample is ∼ 49% of the total sample, whereas the SMC has ∼ 65% type 4 stars.
• Type 3 stars, the least populated type, are found to belong to B and A spectral types. These stars in the LMC have relatively less Hα EW when compared to those in the SMC.
Some stars are found to have NIR excess and the H α EW correlates with the (H − K) 0 values, suggesting dust in the circumstellar material. These stars also show relatively large reddening. These stars are possibly a mix of various types of stars like interacting binaries and DPVs, supporting the suggestion by Mennickent et al. (2002 Mennickent et al. ( , 2006 .
• Type 2 stars in the LMC and the SMC show similar spectral and NIR properties. Their NIR properties are similar to the Galactic CBe stars, suggesting that they are likely to be CBe stars. These stars are found in larger fraction in the SMC (∼ 14.5%), when compared to the LMC (∼ 6%).
• The type 1 stars are relatively more in the LMC (∼ 24% ) when compared to the SMC Study of candidate Be stars in the Magellanic Clouds using NIR photometry and optical spectroscopy 33 (∼ 13%). The SMC type 1 stars are early type stars with large Hα EW and this class has properties similar to CBe stars. Some of the type 1 stars in the LMC do not show evidence of emission and their V 0 magnitudes suggest that they could belong to late B spectral types.
• It is known that due to the lower metallicity of the SMC, the fraction of CBe stars is expected to be more in the SMC. Thus, the true CBe stars should be more populated in the SMC than in the LMC. The type 4 stars (without the subclass in the LMC) are more in the SMC by a factor of about 1.4. The type 2 stars follow a similar trend, with an enhancement of 2.4. The spectroscopic sample of type 1 stars which show H α in emission and confirmed as CBe stars are more abundant in the SMC by a factor of 2.6.
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